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1 the advent of new information and communication technologies presents unique opportunities for firms to enhance their customer agility. Internet-based communities facilitate distributed innovation models that involve varied customer roles in new product development (NPD) [64] . Not only can customers generate ideas for new products and services, they can also use information technology (It)-based tools to test products and provide end-user product support in online environments [65, 77] . the social relationships that take hold between the various entities in online communities generate a continuous flux of valuable knowledge [68] . In turn, firms that effectively absorb this external knowledge are better able to sense market opportunities [17] .
In addition to strengthening a firm's sensing capabilities, It can also enhance a firm's ability to respond to market opportunities. For example, digital process-based innovations such as electronic order fulfillment can be quickly scaled up with unprecedented speed to trump rivals in a hypercompetitive environment [60] . Integrated information systems (IS) allow organizations to quickly route relevant information to decision makers in a timely manner. When coupled with well-coordinated organizational functions, these integrated systems also allow firms to collaborate in areas such as NPD and service enhancement [8] . by strengthening organizational processes, It facilitates a firm's ability to respond to customer-based opportunities for innovation and competitive action.
consider the following illustration. Dell computer company developed a Web site-"IdeaStorm"-where customers can contribute and exchange ideas regarding Dell's products and services. One customer commented that recent graphic user interface (GuI) innovations have yet to be implemented in Dell's computers. the customer recommended that Dell work with open source projects to develop and implement GuI advances in Dell computers. Shortly after the customer's online post, hundreds of IdeaStorm community members discussed and voted on this idea. Dell associates monitored this discussion to sense whether the GuI innovation idea was worth pursuing. When Dell management made the decision to pursue this idea, they developed It-enabled partnerships with open source projects to develop a custom GuI for ubuntu on Dell netbooks. this illustration shows us how Dell uses It to sense (via the Web site) and respond to (through It-enabled external partnerships) a customer-based opportunity.
One theoretical perspective suggests that It provides the foundation for digital options, which greatly enhance customer agility [82] . Furthermore, some early research finds that It enhances organizational agility [32, 92, 93 ]. yet despite the importance of It and customer agility in hypercompetitive environments, we know little on how It supports a firm's customer agility and, in turn, competitive activity. Such insight is important if we wish to move beyond our current understanding of how It generates business value. hence, we aim to answer two questions in this study: how does information technology facilitate the sensing and responding components of customer agility? and how does customer agility impact competitive activity? this paper proceeds as follows. We first describe the origins and characteristics of customer agility. We then form the theoretical foundations of our research model. building on these theoretical foundations, we develop our research model and hypotheses, followed by a description of an empirical study designed to test our research hypotheses. We discuss our findings, limitations, implications for research and practice, and avenues for future research.
Research Framework
What Is a Firm's customer agility? hypeRcompetitioN cReates aN eNViRoNmeNt in which sustained competitive advantage is difficult, if not impossible, to achieve. Instead, firms competing in hypercompetitive environments create a series of temporary advantages [20] . the ability to consistently launch and exploit competitive actions (e.g., new products, new services) to develop these temporary advantages requires a special set of organizational capabilities and resources. among the solutions proposed, the ability to sense relevant change and respond readily has emerged as an important determinant of firm success in hypercompetitive environments [39, 107] . the term "agile" is commonly used to describe firms that are able to sense and respond effectively to market opportunities in rapidly changing environments. table 1 details definitions of agility compiled from the literature.
the last column in table 1 reveals a number of key themes surrounding agility. First, agility is best viewed as an organizational capability, that is, a set of organizational routines and processes that produces a particular output [26] . hence, agility must be developed by the firm; it cannot be purchased from factor markets. Second, agility implies sense and response. Research suggests that strong sensing and responding capabilities are critical to firm success in turbulent environments [39, 107] . thus, any definition of agility should emphasize the ability to sense and respond to environmental change. third, agility is especially important in dynamic, fast-paced environments. hence, the ability to sense and respond quickly constitutes an important element of agility. Finally, a firm may be more agile in one domain (e.g., customer-based processes) than another domain (e.g., supply chain activities) [32, 82] . thus, agility can be domain specific.
taking these characteristics into account, we define firm customer agility as the degree to which a firm is able to sense and respond quickly to customer-based opportunities for innovation and competitive action. Our definition includes key elements of agility identified earlier, including capability, sense and respond, and speed. by "customer based" we refer to opportunities that originate from (1) individual customers, (2) discussions among customers, or (3) interactions between customers and a representative of the focal firm. customers are more likely to be familiar with a firm's products and services than other organizational activities [19] ; hence, these customerbased opportunities will often be related to those products and services. In fact, there is a dynamic interplay surrounding customer roles in NPD and a firm's ability to sense and respond to customer-based opportunities. thus, we investigate the role of It and customer agility in an NPD context. customers can serve one or more roles in the NPD life cycle: as a resource for innovation ideas, as a co-creator in the development and design of products and services, and as a user in testing the product or in helping other users learn about the product or service [64] . customers' role as resource and co-creator are at the input side of firm activity, and customers' role as user resides at the output side of the system. Furthermore, customer-based opportunities may arise as customers play one or more of these roles. For example, customers-operating as information resources-work together in an online environment sharing knowledge and ideas regarding, say, basketball shoes. as product co-creators, customers often develop and refine product and service features that the firm incorporates into future versions [104] . Finally, customers who become expert users often discover new ways to use the product as well as shortcuts and other methods to enhance the overall value of the product. thus, an NPD context is a suitable one in which to investigate a firm's ability to sense and respond to customer-based opportunities.
agility as Dynamic capability
One important element to keep in mind is that a firm's customer agility is a capability that is important in hypercompetitive environments. Scholars have distinguished Day [23] The ability of an organization to thrive in a constantly changing, unpredictable environment
Bessant et al. [7] The ability of a firm to respond quickly and flexibly to its environment and to meet the emerging challenges with innovative responses organizational capabilities as either substantive or dynamic, the latter being a critical success factor in turbulent environments [31] . Dynamic capabilities are distinct from substantive ("ordinary") capabilities in that dynamic capabilities refer to the ability to detect opportunities and threats, capture market opportunities, and change or revise existing substantive capabilities [96] . taking into account the importance of a firm's customer agility in dynamic environments, we examine why customer agility constitutes a dynamic capability and how firms can enhance their customer agility. the dynamic capabilities literature is grounded in the evolutionary theory of the firm [67]. Since managers make decisions under uncertainty and are boundedly rational, they satisfice rather than optimize in searching for and selecting solutions to problems [56] . the implication is that firms should continually reconfigure their existing capabilities. Firms are especially challenged to revise their capabilities when faced with dynamic or unpredictable environments [31, 96] . Dynamic capabilities constitute a firm's ability to (1) sense and shape opportunities and threats, (2) respond to market opportunities, and (3) maintain competitiveness through enhancing, aligning, and reconfiguring the firm's intangible and tangible resources [95] . Within this framework, agility captures the sensing and responding components of dynamic capabilities. this framework also emphasizes the dynamic aspect of continuously aligning a firm's resources; thus, we examine (in our hypothesis development) why it is important for firms to align their sensing and responding capabilities. hence, we conceptualize a firm's customer agility as a dynamic capability, and we use teece's [95] framework to identify antecedents to sensing and responding capabilities. We now describe the sensing and responding components of customer agility and how It affects these two components.
Sensing, Responding, and the Role of It
It infrastructure refers to an arrangement of shared technical components and It services: platforms, networks and telecommunications, data, and software applications [27] . Scholars have argued that a well-crafted It infrastructure may contribute to the organization's ability to sense and respond to environmental change [105] . While research finds support for a positive relationship between It infrastructure and Itdependent organizational agility [32] , scholars have not tested how various aspects of It infrastructure impact different organizational capabilities. Rather, It infrastructure is often treated as a general, holistic construct that facilitates capability building. as a result, we lack deeper understanding of how certain aspects of It infrastructure impact sensing and responding capabilities in particular. thus, we decompose It infrastructure into two components-knowledge based and process based-and describe how these components impact a firm's sensing and responding capabilities.
We apply the "tool" view of the It artifact when describing the relationship between It infrastructure and customer agility. the tool view conceptualizes It as "the engineered artifact, expected to do what its designers intended to do" [72, p. 123] . Specifically, It is a "driver" or "magnifer" that organizations can use to vary labor needs, increase performance, process information, and modify social relations. as a driver, It is an exogenous force that strongly determines the behavior of individuals and organizations [58] . as a magnifier, It amplifies existing behaviors and routines. For example, It as information-processing tool can alter information flows and magnify feedback and learning in organizations [72] .
Sensing new opportunities is very much a scanning, creating, learning, and interpretive activity [95] . to identify opportunities, firms must constantly search and explore across technologies and markets, both local and distant [55] It infrastructure's role in the creation, storage, transfer, and application of organizational knowledge is well established [38, 80] . In our NPD context, It infrastructure helps organizations sense customer-based opportunities in two ways: as driver and as magnifier. Organizations can create Web-based tools (e.g., suggestion forms, design toolkits) that allow customers to generate, propose, and refine ideas for new products and services [64] . these tools drive customer behavior in an NPD context; specifically, a particular tool can both enable and constrain the ways in which customers interact with each other and the organization. For example, a "suggestion box" is a Web-based form in which the organization solicits suggestions and comments from customers. While this tool allows customers to submit ideas to the organization, it does not allow customers to perform other actions (e.g., share the idea with other customers on the Web site, help other customers with product-related problems). however, these tools are usually designed to facilitate customer-based knowledge creation [77] . Organizations can then use It infrastructure's magnifying role to detect patterns in the data collected through these Web-based tools. Specifically, organizations can use analytical tools to engage in learning and sensemaking, thereby increasing visibility of the data and magnifying the customer's voice. to summarize, Web-based customer tools and analytical tools play a critical role in customer-based knowledge creation, thereby affecting a firm's customer-sensing capability.
Once an opportunity for innovation or competitive action is sensed, it must be addressed by executing the firm's operational processes. Responding to opportunities involves maintaining and developing technological resources and complementary assets and then, when the time is right, investing heavily in the particular technologies and designs most likely to achieve marketplace acceptance [95] . a firm's ability to respond to opportunities depends primarily on the coordination and execution of its operational processes [26] . For instance, by increasing the flow of information and reducing potential bottlenecks, well-coordinated operational processes enable the firm to quickly respond to opportunities [39] . hence, the mechanisms by which a firm coordinates and integrates operational processes, both internal and external to the firm, should impact its customer-responding capability.
an organization's ability to respond to customer-based opportunities ultimately depends on the behavior of its members [39] . In other words, organizational members must take action in order to initiate a response [26] . as applied to our study, organizations can respond accurately and quickly to customer-based opportunities when they have coordinated functions and processes. this implies that process coordination capabilities drive a firm's ability to respond to market opportunities. In turn, we posit that internal and external coordination will directly influence a firm's ability to respond. however, It infrastructure cannot drive customer-responding capability; rather, it can only facilitate or constrain the relationship between operational process execution and the ability to respond [71] . as a result, It infrastructure plays the role of magnifier when organizations attempt to respond to market opportunities. For example, It as information-processing tool can alter information flows and magnify feedback and learning in organizations. It has been shown that strong telecommunication capabilities can enable information coupling and shared data resources can reduce hard physical coupling between processes, thereby increasing their flexibility [97] . as a magnifier, It allows firms to efficiently share and exchange information [8] , thereby leveraging their coordination efforts in response to market opportunities. For example, Southwest airlines combines coordination mechanisms with an integrated IS to automatically respond to certain situations (e.g., delayed flights) [11] . accordingly, internal and external IS integration should magnify process coordination (execution) and allow the firm to buttress its responding capability. agility and competitive activity having discussed antecedents to customer agility, we now investigate the competitive dynamics literature to understand how customer agility provides value to a firm. this research is concerned with understanding how a firm's competitive activity affects competitors, competitive advantage, and performance. Firms act creatively when they introduce new products, promotions, or services to enhance profits, competitive advantage, and industry position [86] . there are three implicit organizational characteristics that influence competitive action [12] . these include (1) awareness of the context and potential opportunities for innovation, (2) motivation of the firm to take action, and (3) the firm's ability to take action. these concepts often work together. For example, a firm that is aware of and able to respond to an opportunity is more likely to execute a competitive action than a firm that is unaware and unable to take action [91] . the awareness component is related to customer-sensing capability, and the ability aspect is related to customer-responding capability. thus, competitive activity indicates how well a firm senses and responds to customer-based opportunities for innovation and competitive action [82] . Following this, we incorporate competitive activity as our ultimate outcome of interest.
Research Model fiGuRe 1 pReseNts ouR ReseaRch model. based on our earlier discussion, It infrastructure that facilitates customer-based knowledge creation will affect a firm's ability to sense market opportunities. thus, we propose that Web-based customer infrastructure is a key antecedent to customer-sensing capability. Furthermore, we suggest that this relationship will be moderated by analytical ability. Our second group of constructs enhance operational process execution, which in turn affects a firm's ability to respond to market opportunities. We position interfunctional coordination and channel coordination as antecedents to customer-responding capability, with internal IS integration and external IS integration as moderators of these relationships, respectively. Finally, we link customer agility to our ultimate outcome of interest, action efficacy. consistent with prior research as well as the dynamic capabilities perspective, the full effect of customer agility on action efficacy will take place when a firm's sensing and responding capabilities are aligned. We also include control variables for action efficacy.
creating Knowledge to Enhance customer-Sensing capability a firm's ability to sense market opportunities depends on its ability to create and leverage knowledge [39, 95] . creating this knowledge requires the collection of relevant data and information. to collect data and information concerning customer-based opportunities for innovation and competitive action, firms need to develop and maintain Web-based tools that allow customers to perform the three NPD roles reviewed earlier: resource, co-creator, and user. the Internet is critical to forming an environment in which customers can meaningfully contribute to a firm's NPD efforts [33, 64, 77] . as noted earlier, we derive the notion of "Web-based customer infrastructure" from the broader concept of It infrastructure. a firm's Web-based customer infrastructure is considered to be a subset of its overall It infrastructure. Specifically, Web-based customer infrastructure is defined as the set of firm-provided Web-based It tools that support varied customer roles (resource, co-creator, user) in NPD activities.
the extended reach, enhanced interactivity, increased speed, and greater flexibility provided by Web-based tools combine to produce three important benefits for customer-based knowledge creation: (1) the direction of communication, (2) the intensity and richness of the interaction, and (3) the size and scope of the audience [85] . the direction of interaction evolves from one-way knowledge import (e.g., customer to firm) to an interactive dialogue that helps firms to progressively learn about and learn from customers. the richness of the interaction increases because Web-based customer tools help firms tap into social knowledge in addition to individual customer knowledge [68] . Finally, a Web-based customer infrastructure allows the firm to reach a greater number of customers than offline tools, thereby exponentially increasing the size and scope of the knowledge it can absorb. consistent with our perspective on It as driver, it is also useful to think about sensing from a process perspective. Sensing capabilities are triggered by market opportunities. Firms that do not have a Web-based customer infrastructure are less likely to acquire ideas for new products and services from their customers, thereby reducing their sensing capability. In turn, they will find it more difficult to sense customer-based opportunities.
Hypothesis 1: Web-based customer infrastructure will be positively related to customer-sensing capability.
analytical ability refers to the extent to which It applications provide analytical tools to support decision making in the context of customer interactions. Our concept of analytical ability is based on the broader management support systems literature. Management support systems refer to a class of systems whose fundamental purpose is the support of managerial actions and decision making, including decision support, knowledge management, and analytics [15] . analytics refers to "the extensive use of data, statistical and quantitative analysis, explanatory and predictive models, and fact-based management to drive decisions and actions" [22, p. 7] . as such, analytics represents the higher-value and more proactive end of the intelligence spectrum. For example, It-based analytical tools allow companies such as Marriott International to optimize offerings to frequent customers and determine the likelihood of those customers' defecting to competitors [22] . although analytics can be applied to a wide variety of organizational areas and issues, we focus on an organization's use of analytical tools to identify and assess the value of customer-based market opportunities.
While a Web-based customer infrastructure facilitates the generation of vast amounts of customer-driven data, analytical tools help firms make sense of this data. Firms can leverage analytical tools to find patterns in data, thereby gaining insight and understanding into potential opportunities for innovation and action. Data and information streaming into the firm from the Web-based customer infrastructure may create an overwhelming glut that is difficult for managers to interpret, synthesize, and understand. Firms with higher levels of analytical ability will be better able to gain insight into the data generated by a Web-based customer infrastructure.
Hypothesis 2:
The relationship between Web-based customer infrastructure and customer-sensing capability will be moderated by analytical ability: the greater the analytical ability, the stronger the positive association between Web-based customer infrastructure and customer-sensing capability.
Executing Operational Processes to Enhance customer-Responding capability a firm's ability to respond to market opportunities depends on the level of coordination both within the firm and between the firm and its external partners [26] . Interfunctional coordination refers to the degree to which a firm's functions develop a mutual understanding of each other's capabilities and align their goals and activities based on such understanding [34] . the dissemination of market intelligence throughout the organization depends largely upon the extent to which functions communicate and coordinate with one another [45] .
aligned processes facilitate the flow of information throughout the organization, thereby increasing the organization's ability to respond to external opportunities. For instance, high levels of coordination between manufacturing and marketing leads to (1) reduced task uncertainty for both functions; (2) greater understanding by marketing of manufacturing's constraints, objectives, and incentives; and (3) greater understanding by manufacturing of customer preferences, marketing plans, and competitive activity [34] . by enhancing information flow, reducing task uncertainty, and developing shared understanding, firms with high interfunctional coordination are more likely to respond quickly and effectively to customer-based market opportunities than firms with low interfunctional coordination.
Hypothesis 3: Interfunctional coordination will be positively related to customerresponding capability.
channel coordination refers to the extent to which the activities of a focal firm are coordinated with its business partners such that the processes spanning firm boundaries are operationally integrated [98] . In particular, channel coordination can be viewed as "the synchronization of activities and flows by channel members" [62, p. 45] , where channel members consist of a variety of external entities, including contract manufacturers, suppliers, subcontractors, and resource planners. In addition to relying on the effective coordination of internal units, firms must also coordinate with external channel partners if they wish to respond quickly to market opportunities. aligned interorganizational processes enhance the flow of information between a firm and its key channel partners [74] . by streamlining the flow of information between the focal unit and its channel partners, firms with high channel coordination will find it easier to mobilize their own resources in response to customer-based market opportunities than firms with weak channel coordination.
Hypothesis 4: Channel coordination will be positively related to customerresponding capability.
Scholars are increasingly beginning to view IS as complementary resources that enhance the value of other organizational resources [94] . Interfunctional coordination represents an alignment of goals and behaviors contingent on mutual understanding, trust, and partnership. Integrated IS greatly enhance interfunctional exchanges and promote joint understanding. Specifically, integrated IS capability captures the degree to which the firm's IS provide integrated access to data across organizational subunits [8] . Prior work finds that integrated IS capability interacts with various coordination mechanisms (e.g., manufacturing-marketing, manufacturing-supply chain) to increase manufacturing performance [8] . by providing features such as automatic updates of data records through systemwide triggers, a consistent view of the data, and facilities for quickly reporting and sharing relevant information across functional boundaries, these systems are more likely to increase the flow of information throughout the entire organization [21] , thereby capturing the benefits of effective coordination between organizational units. as a result, the firm can quickly respond to customerbased opportunities for innovation and competitive action.
Hypothesis 5: The relationship between interfunctional coordination and customer-responding capability will be moderated by internal IS integration: the greater the internal IS integration, the stronger the positive association between interfunctional coordination and customer-responding capability.
the argument positing the existence of synergistic value derived from interfunctional coordination and internal IS integration holds for the interactive effect of channel coordination and external IS integration. External IS integration is defined as the extent to which the IS applications of a focal firm work as a functional whole in conjunction with the IS applications of its business partners [83] . External IS integration improves firms' ability to process orders, forecast sales, share customer data, and collaborate in areas such as NPD [78] . by providing features such as a consistent view of the data and facilities for seamlessly sharing relevant information across organizational boundaries, these systems are more likely to increase the flow of information across distribution channels. as a result, the focal firm can more quickly respond to customerbased opportunities.
Hypothesis 6:
The relationship between channel coordination and customerresponding capability will be moderated by external IS integration: the greater the external IS integration, the stronger the positive association between channel coordination and customer-responding capability.
aligning Sensing and Responding to Execute competitive activity competitive activity consists of market-based moves that challenge the status quo of the market or industry through innovations in products, services, and channels [12, 91] . by sensing and responding to customer-based opportunities, firms will be more likely to exhibit greater levels of competitive activity [82] . thus, customer agility should be positively related to competitive activity. however, sensing and responding capabilities need to be simultaneously developed and applied in order for firms to reap the benefits of agility [39, 73, 95] . thus, we do not postulate a hypothesis linking customer agility to competitive activity; rather, we take into account a firm's degree of alignment between its customer-sensing capability and customer-responding capability. accordingly, we investigate the effect of agility alignment on action efficacy. 2 action efficacy is defined as the extent to which a firm executes actions that produce the desired result, which, in our context, constitutes actions that meet customer needs in a given time period. alignment refers to "the degree to which the needs, demands, goals, objectives, and/or structures of one component are consistent with the needs, demands, goals, objectives, and/or structures of another component" [63, p. 119 ]. When applied to customer agility, the objectives and structure of a firm's customer-sensing capability should be consistent with the objectives and structure of its customer-responding capability. the basic premise is that the higher the alignment (i.e., match, congruence, fit) between customer-sensing capability and customer-responding capability, the greater the effect of customer agility on an appropriate criterion variable [73, 102] . thus, firms aligned in their sensing and responding activities are more likely to extract greater value from their overall customer agility capability (provided they have strong sensing and strong responding capabilities). For example, bMW senses emerging customer needs by involving lead users in the generation of ideas toward its product innovation activities, and they also respond quickly by implementing valuable ideas in future products [77] . however, Digital Equipment corporation failed to sense and respond to emerging markets for personal computers in the 1980s, thereby leading to its ultimate demise [103] .
the implications of misalignment can be detrimental to long-term performance. For example, Xerox sensed impending changes in the computing industry in the 1970s; however, Xerox failed to bring its computing innovations to market, thereby hurting its long-term performance [90] . the inability to effectively sense relevant opportunities may also hurt a firm. apple introduced the Newton, a personal digital assistant (PDa), as a mass-market product when, in fact, it was too early in its development for the Newton to be made generally available. as a result, the Newton lost its audience and never gained traction in the PDa market [6] .
agility alignment is especially relevant to action efficacy. Firms can have strong responding capabilities yet fail to sense relevant market opportunities. For instance, firms that simultaneously release multiple products in rapid fashion often experience substantial disruptions and market failure [5] . these firms respond to many market opportunities, yet their sensing capability fails to effectively rank the importance of these opportunities. Firms might be able to sense opportunities for competitive action but fail to respond to them quickly. Poorly coordinated processes may hinder product development activities, causing firms to miss market opportunities. Firms that have strong sensing and responding capabilities are more likely to execute actions that produce the desired result, namely, meeting customers' needs.
Hypothesis 7: Action efficacy will be higher when customer-sensing capability and customer-responding capability are both high than when both are low.
We included firm age and firm size as controls for action efficacy [91] .
Research Method
this study uses two suRVeys to collect data from marketing managers to measure the constructs in the research model. We measured the knowledge-based, process-based, and customer agility constructs at one point in time (t1), and we measured action efficacy and our control variables at a second point in time (t2). 3 the second survey was completed by the same respondent four months after the first survey. Our unit of analysis is a strategic business unit.
Measures
Where possible, existing measures of constructs were adapted to this study's context. Standard scale development procedures [54] were used for new measures and those that required significant changes (see appendix a). appendix b lists the sources and items for all construct measures, as well as a discussion of their reflective/formative nature.
Survey Development and administration
Data were gathered from a large population by using a questionnaire instrument. the target respondent was the senior marketing manager. this is consistent with huber and Power's [43] recommendation; in the case where one respondent per unit is solicited, the respondent should be the most informed person. Following prior research [66] , we presumed that the senior marketing manager would be the most informed respondent regarding how well his or her organization senses and responds to its customers. Moreover, the It-based constructs address the effectiveness of It within the organization, not technical details related to the technology. Marketing managers will also be the most informed about It that faces customers, such as Web-based tools.
to determine the suitable population of interest in this study, we developed a list of criteria based on prior research and practitioner literature. First, we need to investigate firms operating in dynamic, customer-oriented, information-intensive environments. these firms are more likely to require high levels of customer agility [39] . consistent with competitive dynamics research, we target only public u.S. firms [24] . third, our sample frame should include firms that have adopted and diffused a diverse range of Web-based tools that support customer roles in NPD. Research suggests firms operating in high-tech industries as excellent candidates [76, 77] . based on these criteria, our target sample frame consists of public u.S.-based firms operating in high-tech industries (computer manufacturing and prepackaged software).
Members of an online panel served as respondents to both of our online surveys. Respondents were real managers that self-identified as marketing managers with indepth knowledge and authority over organizational marketing policies and procedures. they were sourced from a general panel of individuals managed by Zoomerang (see appendix c).
Sample characteristics
zoomeRaNG GeNeRated a RaNdom set of 1,200 sales/marketing managers employed in high-tech firms, who were then invited to complete the online survey. Of these 1,200, we received 188 usable responses. 4 the demographics of our sample reveal that just over half were female (60 percent), middle aged (mean = 45 years), and well-educated (95 percent had at least some college experience). Respondents' average organizational tenure was 8.3 years, with an average of 5.1 years in their current position. they were highly active in formulation of marketing/sales policies for their firms at the time of the study (mean = 4.29 on a 5-point scale, with 5 = "very active"). thus, the respondents were highly qualified to answer the questions. the median firm size was 400 employees, and the average firm age was 36.5 years. Our second survey was also deployed through Zoomerang. Of the 188 usable respondents from survey one, a total of 108 individuals completed the second survey for an effective response rate of 60 percent.
We employed wave analysis [2] to assess potential nonrespondent bias in survey one. Responding firms were grouped into early and late respondents, and comparisons were made along respondent age, gender, education, firm size, and firm age. Our analysis showed no significant differences between early and late respondents. Responding and nonresponding firms were compared along the same criteria for the second survey. again, there were no significant differences between responding and nonresponding firms. based on these findings, nonresponse bias is not a major concern in this study.
Measurement Properties of constructs
we used coNfiRmatoRy factoR aNalysis techNiques iN EQS 6.1 to evaluate measurement properties of our constructs. 5 We modified the measurement model until all parameter estimates and overall fit measures for each construct were considered satisfactory. the final fit indices suggest that the data fit the measurement model well (S.b. [Satorra- 
assessment of common Method bias
We conducted a harman one-factor test to assess the extent to which common method bias may be a problem [41] . Our results extracted eight factors from the data that corresponded to the latent variables in our study. the factors accounted for 68.9 percent of the variance with the first factor accounting for 22.4 percent. No single factor accounted for a majority of the covariance. We also controlled for the effects of a single unmeasured latent method factor. Our ΔcFI of 0.005 between the original model and the model with the unmeasured latent method factor is less than the recommended value of 0.01 [13]. these results provide further support that common method bias is not a significant threat to the validity of our study.
Structural Model and hypothesis testing
we used eqs 6.1 to eValuate ouR stRuctuRal model. Given that Web-based customer infrastructure is a formative measure (see appendix b), we followed recommended guidelines for testing formative measures in EQS [25, 79] . We tested three models. Model 1 included the main effects for both dependent variables. the model performed well in terms of model fit (S.b. χ 2 = 647.32, df = 486; cFI = 0.95; RMSEa = 0.043). Our results show that Web-based customer infrastructure is significantly related to customer-sensing capability (β = 0.46, p < 0.001), supporting h1. Interfunctional coordination (β = 0.52, p < 0.001) and channel coordination (β = 0.16, p < 0.01) are both significantly related to customer-responding capability, supporting hypotheses 3 and 4, respectively. Firm size (β = -0.16, p < 0.01) and internal IS integration (β = 0.21, p < 0.01) were also significantly related to responding capability. 6 Models 2 and 3 used a hierarchical analysis approach to evaluate our moderation hypotheses. 7 We followed recommended guidelines for testing interaction effects in EQS [59] . table 3 details our results. Model 2 includes main and interaction effects for customer-sensing capability. Our results show that analytical ability moderates the relationship between Web-based customer infrastructure and sensing (β = 0.22, p < 0.05), supporting h2. Model 3 includes main and interaction effects for customerresponding capability. Our results show that internal IS integration moderates the relationship between interfunctional coordination and customer-responding capability (β = 0.11, p < 0.05), supporting h5. however, external IS integration does not moderate the relationship between channel coordination and customer-responding capability (β = 0.05, n.s.
[nonsignificant]). thus, h6 is not supported. 
where A refers to action efficacy, S refers to customer-sensing capability, and R refers to customer-responding capability. We controlled for firm size, firm age, and economic adversity. consistent with empirical work on the relationship between the alignment of two variables and a dependent variable [30] , we focused on the shape along the S = R line, which corresponds to h7. this correspondence can be seen by examining Figure 2 , in which the S = R line runs from the near corner to the far corner of the plane. Moving from the near corner to the far corner along the S = R line indicates an increase from low levels of sense and respond to high levels of sense and respond. the shape along this line can be tested by setting R equal to S in Equation (1): a Smaller firms often find it easier to respond to opportunities than larger firms; hence, we included firm size as a control variable for customer-responding capability. * p < 0.05; ** p < 0.01; *** p < 0.001.
Equation (2) shows that along the S = R line, the curvature of the surface is represented by β 1 + β 2 , and the slope of the surface at the point R = 0 is represented by β 3 + β 4 + β 5 . thus, if action efficacy increased linearly moving from low sense and respond to high sense and respond (h7), the surface would be positively sloped along the S = R line at the point R = 0 and would have no curvature, such that β 1 + β 2 would be positive and β 3 + β 4 + β 5 would not differ from zero. the shape of the surface along the S = R line was tested using procedures for testing linear combinations of dependent regression coefficients [29] . table 4 details the results of our analyses. Figure 2 depicts a surface for agility alignment (sense and response) predicting action efficacy.
h7 stated that action efficacy would be higher when sense and respond were both high than when both were low. If a surface has no curvature along the S = R line, this hypothesis could be tested by evaluating the slope of the surface at the point S = 0, R = 0, represented by the quantity β 1 + β 2 in table 4 . however, the surface in Figure 2 is curved upward along the S = R line, meaning that the slope along the S = R line varied according to the levels of S and R. In this case, an alternative strategy is to test the difference in action efficacy for high versus low scores of sense and respond [30] . For these tests, we identified high and low scores by first locating the point along the S = R line midway between the sense and respond means. From this point, we added and subtracted a value midway between the standard deviations of the sense and respond measures. after scale centering, the means of the sense and respond measures were 0.49 and 0.36, respectively (these means are five units smaller than the corresponding figures reported in table 2). the point midway between these means is thus 0.43. the point midway between the sense and respond standard deviations (1.09 and 1.23, respectively, as reported in table 2) was 1. 16 . thus, we used 1.59 and -0.73 to represent high and low scores along the S = R line. as Figure 2 shows, action efficacy is higher when sense and respond are aligned than when they are nonaligned. In addition, along Discussion we coNceptualized aNd empiRically tested a research model with distinct antecedents to customer agility's two components-sensing and responding. We theorized that "knowledge-based" constructs would affect customer sensing capability, and "processbased" constructs would affect customer-responding capability. table 5 details our results and implications.
Our analysis finds that Web-based customer infrastructure has a significant effect on customer-sensing capability. We also find that analytical ability plays a key role in the nomological network surrounding Web-based customer infrastructure and customer-sensing capability. the greater a firm's analytical ability, the stronger the association between the firm's Web-based customer infrastructure and its customersensing capability. It is important to note that analytical ability does not exhibit a direct effect on customer-sensing capability. Rather, complementary synergies arising from (1) data streaming in from the firm's Web-based customer infrastructure and (2) the firm's ability to leverage analytical tools to transform that data into knowledge have powerful effects on the firm's ability to sense customer-based opportunities.
We find that interfunctional coordination and channel coordination are significantly related to customer-responding capability. Our results also show that the greater a firm's internal IS integration, the stronger the positive association between the firm's Dependent variable: Action efficacy H7: Agility alignment Yes Action efficacy is higher when sensing and responding are both high than when sensing and responding are both low. Independently, sensing has a stronger effect on action efficacy than responding.
interfunctional coordination and its customer-responding capability. the transparency, consistency, and communication capabilities provided by integrated IS enable organizational functions to effectively share information that, when combined with complementary coordination mechanisms, allows the firm to quickly respond to customer-based opportunities. Our analysis finds no support for the moderating role of external IS integration in the relationship between channel coordination and customer-responding capability. although we find that channel coordination facilitates the focal firm's ability to respond to customer-based opportunities, there are a variety of reasons for which a firm shares data with its channel partners. For instance, firms may integrate their It systems with certain channel partners in order to manage the flow of materials and finished goods; share operational, tactical, and strategic information; and increase financial flows driven by workflow events [78] .
We hypothesized that the alignment between sensing and responding would positively impact action efficacy. Our results show that action efficacy is higher when sensing and responding are aligned than when they are nonaligned. also, action efficacy is higher when sensing and responding values are both high than when they are both low. In terms of independent effects, action efficacy is greatest when (1) customerresponding capability is medium to high and (2) customer-sensing capability is high. this implies that high sensing and low-to-middle responding could be the "next best" option (in terms of action efficacy). limitations before discussing the implications of our results, we note several limitations in our study. First, we used the same respondent for both our independent and dependent variables. Statistically, common method bias does not appear to threaten the validity of our results, and our two-stage survey design should have reduced the potential for bias. however, we note that using the same respondent might have upwardly biased our results. Our dichotomous measures of Web-based customer infrastructure limited our ability to fully understand how firms develop and leverage firm-hosted online communities to their advantage. although the constantly changing nature of Web-based tools poses measurement challenges, future research should develop more rigorous measures of how firms leverage Web-based tools to involve customers in NPD roles.
Implications for Research agility is one of several concepts proposed to address the issue of how organizations can succeed in dynamic environments. We identified a number of key characteristics concerning organizational agility; specifically, agility is a (1) domain-specific (2) capability that comprises an ability to (3) sense and respond (4) quickly to market opportunities. Future research should take into account these four factors when conceptualizing and measuring agility. Moreover, although scholars contend that sensing and responding capabilities need to be simultaneously developed and applied in order for firms to harvest the benefits of agility [39, 73] , no work has conducted a comprehensive investigation of the ways in which sensing and responding can or should be aligned. a higher "match" on sensing and responding results in higher quality of customer-based actions; furthermore, if there is an imbalance between sensing and responding, firms with high sense/moderate response capabilities execute higherquality actions. Researchers should take alignment into account when investigating agility-related phenomena.
Our study is also one of the first to conceptualize and test a relationship between a dynamic capability (customer agility) and competitive activity. by examining the link between customer agility and competitive activity, we identify a valuable, tangible outcome of dynamic capabilities. In doing so, our study also complements recent work on the role of It in competitive dynamics [47, 99] . competitive dynamics researchers tend to focus on the quantity or repertoire of actions a firm undertakes [48] , as opposed to the quality or efficacy of actions. Our study takes an initial step toward an understanding of the factors that allow a firm to execute the right action at the right time. by conceptualizing and validating action efficacy, we gain a better understanding of how a firm's customer agility can impact the extent to which its competitive actions meet customer needs. We believe that investigating the factors involved in how a firm identifies and executes the right actions at the opportune time to meet customer needs in the marketplace will provide deeper understanding into research on competitive dynamics and firm rivalry.
Recent assessments of It value research have argued that IS research needs to examine both intermediate-value outcomes as well as intangible value created by It [52] . While prior IS research often investigated how It affects a firm's tangible outcome like productivity or performance, ours is the first study to empirically examine how It enhances a firm's intangible value in customer agility. In turn, customer agility positively affects a firm's competitive activity. both agility and activity are intermediate concepts that lead to economic outcomes and provide a different understanding of how It indirectly contributes to firm value.
Investigating It as both driver and magnifier provides insight into the various ways in which It infrastructure affects customer agility. as a driver, a firm's Web-based customer infrastructure shapes customer roles and facilitates knowledge creation in an NPD context, which in turn enhances an organization's ability to sense customer-based opportunities. Our results suggest that It investments in customer-facing infrastructure do need to be made, and the liberating nature of the Web and the increasing awareness, involvement, and discrimination of consumers, coupled with their higher self-efficacy in the use of such tools [65] , creates a proclivity for consumers to volunteer information and ideas to the firm. Enterprising companies, particularly those with It-based analytical capabilities, can then gain an acute sensing capability. We also contend that It infrastructure does not necessarily drive a firm's customer-responding capability. Rather, a firm's ability to respond to market opportunities depends primarily on its coordination mechanisms and policies, which are inherently driven by organizational members.
as a magnifier, It infrastructure can be leveraged to create synergies with complementary organizational capabilities that in turn facilitate an organization's ability to both sense and respond to customer-based opportunities. this softer role of It, which in our study includes analytical and integrative capabilities, serves to enhance the more instrumental processes and technologies. It should be noted that the magnifier role of It may not succeed if the complementary capability is weak. For instance, poorly coordinated processes will not benefit from integrated It [40] . Similarly, organizations adding a poor Web-based customer infrastructure will not benefit from enhanced analytical capabilities. conceptualizing It as both driver and magnifier provides a nuanced perspective on how It creates business value.
Implications for Practice
Our study has clear implications for practice, particularly in contemporary digital and highly competitive environments. First, managers should develop and maintain a repertoire of Web-based tools that allow customers to perform a variety of NPD-related roles. In doing so, customers are more likely to offer recommendations on how the firm can improve existing products and services, assist peers in troubleshooting problems, and suggest ideas for new products and services. the extended reach, enhanced interactivity, and greater flexibility provided by Web-based tools generate a wealth of information that managers can then leverage to determine customers' expressed and latent needs. as a result, firms are more likely to sense a range of potential market opportunities. Our results also show that building analytical capabilities is not sufficient. Rather, firms must have data streaming in before they can leverage analytical tools. however, managers who take advantage of the synergies arising from voluminous amounts of Web-based data from customers and data-mining analytical capabilities will improve their ability to sense customer-based opportunities in a relevant and timely manner.
Our study finds that coordination is critical to achieving an ability to respond to market opportunities. Managers should cultivate both interfunctional coordination mechanisms and channel coordination processes. by doing so, their firm will be better positioned to respond quickly when an opportunity presents itself. Furthermore, integration of a firm's internal IS speeds the flow of information, thereby magnifying the effect of interfunctional coordination on response ability. an integrated IS also produces a standard, consistent view of information throughout the organization, enhancing interfunctional exchanges and promoting joint understanding. Finally, our results suggest that managers would do well to align their sensing and responding capabilities. While it is important that sensing and responding be balanced, managers should focus on sensing processes when they desire to create products and services that meet customers' needs and preferences. Without a strong customer-sensing capability in place, firms cannot execute effective actions in the marketplace. conclusion ouR study pRoVides a steppiNG-stoNe for several fruitful areas for future research. Researchers can extend and refine the knowledge-sensing/process-responding framework to other types of agility, such as supply chain partner agility and operational agility [82] . What might be the It-based antecedents that enhance a firm's ability to sense and respond to changes in supply chain activities? are there other synergies between It infrastructure and organizational capabilities that facilitate agility? Future research should explore the relationship between sensing and responding capabilities. What are the factors that help firms align their sensing and responding capabilities? how does It contribute to agility alignment?
In conclusion, our study focused on investigating how It facilitates a firm's customer agility and, in turn, competitive activity. We showed that the knowledge-creating and process-enhancing power of It infrastructure facilitate a firm's ability to sense and respond to customer-based market opportunities, thereby expanding the purview of It value research. We hope that this paper lays the groundwork for future research concerning the business value of It. Notes 1. by "customer" we refer to the traditional consumer (e.g., an individual who purchases a cup of coffee at Starbucks). We do not include firm-level customers or suppliers (e.g., Enterprise Rent-a-car purchases mass quantities of automobiles from toyota).
2. competitive dynamics researchers often ignore the quality of a firm's competitive activity, instead focusing on competitive aspects such as aggressiveness and rivalry [48] . One reason for this is that much of the competitive dynamics empirical research has relied on secondary data, which often limits researchers' ability to capture certain measures. In keeping with the context of our study, our conceptualization and measurement of action efficacy is an effort to capture whether or not a firm executes actions that meet customer needs. 3 . We conducted a two-stage survey design primarily for three reasons: (1) to achieve correspondence with the temporal ordering of constructs in our research model, (2) to enhance our arguments for causality regarding the relationship between customer agility and competitive activity, and (3) to reduce the threat of common method bias to our study's results. 4 . Our contract with Zoomerang specified 200 responses, so Zoomerang closed the survey when just over 200 responses were collected. as a result, it is difficult to calculate a traditional response rate. also, there were 78 missing values in the data set, which is less than 0.01 percent of the total number of values. We performed little's McaR (missing completely at random) test [53] and found that these values were missing completely at random (p > 0.05). So long as data are McaR, the data may be imputed without violating the assumption of McaR [1] . hence, we applied direct maximum likelihood imputation methods in EQS to create a complete data set of 188 responses. 5 . It is important to take into account the degree to which multivariate normality may impact structural equation modeling analyses [36] . With respect to multivariate normality, we examined Mardia's [57] normalized estimate to determine the extent to which our data were normally distributed. When evidence suggested that data were not normally distributed, we used the Satorra-bentler (S.b.) scaled χ 2 statistic [84] and corresponding robust fit estimates provided by EQS 6.1. the S.b. χ 2 statistic has been shown to be the most reliable test statistic for evaluating covariance structure models under various distributions and sample sizes [42]. 6 . We conducted a lagrange multiplier test [10] to estimate whether adding paths to the structural model would result in a significant improvement in model fit. We found that adding one path-between internal coordination and customer-sensing capability-would result in a significant improvement in model fit. this result supports recent arguments linking coordination mechanisms to knowledge absorption [80] . While our proposed mapping of knowledge-sensing and process-responding mapping is mostly empirically supported, future research should test this framework for further refinement and extension. 7 . Ideally, we would assess a structural model that includes all main effects and all interaction effects. unfortunately, complex models with interactions present estimation challenges in covariance-based structural equation modeling. these limitations led us to split our analysis of the interaction effects into two models, one for each dependent variable of interest. appendix a Survey One Pretest siNce all the scales foR suRVey oNe were adapted from the literature to the current study, we gave careful consideration to the content validity of the measures. three faculty members and eight doctoral students carefully assessed the wording of the items in the questionnaire. based on their feedback, minor changes were made to the wording and design of the questionnaire. Next, phone interviews were conducted with three marketing professionals. the questionnaire was sent to these individuals a few days prior to the interview. Interviews lasted an average of 20 minutes each. the feedback gained from these interviews was incorporated into the questionnaire.
Survey One Pilot
We downloaded a mailing list of 1,080 respondents from Dun & bradstreet's Million Dollar Database, a directory of u.S. companies from all industries with sales of $1 million or more, or 20+ employees, or branches with 50+ employees. these respondents held job titles consistent with our established criteria, such as "marketing director," "marketing manager," "vice president marketing," and "vice president sales and marketing." consistent with our target sample frame, we restricted our search to public u.S.-based firms operating in high-tech industries.
Surveys were mailed to 400 respondents randomly selected from the initial set of 1,080. Within 4 weeks, 5 surveys were returned as nondeliverable, and 18 completed surveys were returned (an effective response rate of 4.6 percent). all 18 respondents fully completed their surveys (i.e., there were no missing data). the average respondent age was 47 years, and 61 percent of the respondents were male. Ninety-five percent of the respondents had at least a bachelor's degree. Finally, respondents had an average of 18 years of customer relationship management experience and an average of 10 years employment with their current organization.
an exploratory factor analysis (EFa) was conducted for each set of items. Most of our measures exhibited clean factor loadings and sufficient reliability (cronbach's α > 0.70); however, EFa results suggested that some items did not load well with others for the customer-sensing capability and customer-responding capability constructs. as a result, changes were made to the wording of some items. Our pilot analysis placed sufficient confidence in the scales to proceed with the full-scale survey administration of the target sample frame.
Survey two Pretest
Measurement items for action efficacy were developed by the primary researcher. three faculty members and five doctoral students carefully assessed the wording of these items. based on their feedback, minor changes were made to the wording and design of the questionnaire. Next, phone interviews were conducted with two of the three respondents who participated in the survey one pretest. the questionnaire was sent to these individuals a few days prior to the interview. Interviews lasted an average of 10 minutes each. the feedback gained from these interviews was incorporated into the questionnaire.
Survey two Pilot
We administered survey two to a group of evening Mba students. Eighteen full-time working Mba students completed the questionnaire and provided feedback on wording and clarity of the instrument. the feedback gained from this process was incorporated into the instrument. Our pilot analysis placed sufficient confidence in the scales to proceed with the full-scale survey administration of the target sample frame. appendix b construct Measures customer-Sensing capability (1 = "strongly disagree," 7 = "strongly agree") [66, 89] 1. We continuously try to discover additional needs of our customers of which they are unaware. 2. We work closely with lead users who try to recognize customer needs months or even years before the majority of the market may recognize them. (Item dropped after testing of measurement properties.) 
Formative Versus Reflective constructs
When using structural equation modeling techniques, it is important to conceptualize the underlying structure of the constructs before proceeding to their measurement [75] .
In particular, we need to understand the nature and direction of relationships between the constructs and their indicators. Indicators can be either reflective or formative.
Reflective indicators represent reflections, or manifestations, of a construct. In a reflective measurement approach, constructs are viewed as causes of indicators, meaning that variation in a construct leads to variation in its indicators. In some instances, the direction of the relationship between constructs and indicators is reversed, such that indicators are treated as causes of constructs. Formative indicators form or produce their associated construct. For example, a formative construct could be firm performance operationalized using three indicators: productivity, profitability, and market share. Each indicator captures differing aspects of firm performance; as a result, this operationalization of the construct is formative. Jarvis et al. [44] provide the following guidelines on whether to model a construct as formative or reflective: (1) direction of causality from construct to indicators, (2) interchangeability of indicators, (3) covariation among indicators, and (4) nomological net of construct indicators. constructs should be modeled as formative if the following decision rules hold: the direction of causality is from indicators to constructs, the indicators need not be interchangeable, covariation among indicators is not necessary, and the nomological net of indicators can differ, that is, they may have different antecedents and consequences. constructs should be modeled as reflective if the opposite conditions apply. Specifically, constructs should be modeled as formative if the answer to most of the following statements is "yes":
• Indicators are defining characteristics of the construct.
• Changes in indicators should cause changes in the construct.
• Changes in the construct do not cause changes in the indicators.
• Indicators do not necessarily share a common theme.
• Eliminating an indicator may alter the conceptual domain of the construct.
• A change in the value of one of the indicators is not necessarily associated with a change in all of the other indicators.
• Indicators are not required to have the same antecedents and consequences.
table b2 provides the answers to these statements for each multi-item latent variable in the model. these answers are based on our judgment, assessment of the conceptual structure of the construct, investigation of the causal relationship between the indicators and the construct, and analysis of previous studies that have measured similar constructs. Individuals that belong to Zoompanel have double opted into the panel to participate in surveys. Double opt-in implies that panelists sign up and are then given an opportunity to withdraw from the panel, ensuring that they really do want to participate. Panelists are provided with incentive points for each survey that they complete. this is similar to the incentives often given to complete an instrument in traditional mail surveys where mailings are made to a directory (sample frame) of participants.
Zoomerang employs several quality assurance mechanisms to maintain the quality of its respondent panel. For instance, the information that panelists provide (e.g., demographics) is verified against extensive databases with validated consumer demographics. another mechanism takes into account survey-taking time and response patterns to identify fraudulent behavior. this type of data collection can provide greater control based on the selected attributes.
although Zoomerang profiles its panel of respondents, thereby enabling one to target marketing managers, the profile may be outdated. For instance, a respondent's profession/job title at the time of completing this survey might be different from when he or she joined the respondent panel. therefore, we use screening questions to gain better control over our sample frame. these questions enable us to target full-time working marketing managers who have adequate knowledge regarding customer relationships in their organization. Furthermore, we are able to ensure that we are surveying firms operating in high-tech environments.
Our second survey was also deployed through Zoomerang. Zoomerang invited the initial 208 survey one respondents to complete the second Web-based survey. Of these 208, a total of 112 individuals completed the second survey for an effective response rate of 54 percent. We used two mechanisms to ensure that the same individual responded to both surveys for a single organization. First, Zoomerang provided unique identification numbers for each individual, thus allowing us to match the two data sets. Second, we asked the question "how old were you on your last birthday?" on both surveys. We calculated the difference in respondent age between the two data sets. the difference score for all 112 respondents was zero or one (one signifying that the respondent had a birthday between the time he or she completed survey one and the time he or she completed survey two). this provides further support that the same individual responded to both surveys.
